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Results: Exposure of cartilage to blood at all sides, both articular surface
and cutting edges, led to a decrease in proteoglycan synthesis rate of
−95% and an increase in proteoglycan release of +67%. These effects
were less outspoken when the cartilage was exposed to only the articular
surface: 56% and +13% for proteoglycan synthesis rate and -release
respectively.
Conclusions: In vitro exposure of cartilage to blood at the articular
surface alone leads to less severe effects on the proteoglycan synthesis
rate and - release than when cartilage explants are exposed at all sides.
This is probably part of the explanation why blood-induced cartilage
damage after an experimentally induced haemarthros in vivo is less
severe compared to the in vitro effects of blood on cartilage. Irrespectively,
blood has devastating effects on articular cartilage, and in this respect it
is important to prevent (traumatic) joint haemorrhages and if they occur,
to treat them properly. Additionally this study demonstrates that results of
cartilage tissue explant cultures, exposed at all sides to culture medium
and additions should be interpreted with caution.
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Purpose: Although most studies have focused on the cholesterol-
lowering activity of stigmasterol, other biological actions have been as-
cribed to this plant sterol compound, one of which is a potential anti-
inﬂammatory effect.
The objective of this study is to investigate the effects of stigmasterol,
a plant sterol, on the inﬂammatory mediators and metalloproteinases
production by chondrocytes.
Methods: We used a model of newborn mouse costal chondrocytes and
human OA chondrocytes in primary culture stimulated or not with IL1beta
(10 ng/ml), 6 or 18 h. Cells were pre-incubated for 48 h with stigmasterol
(20mg/ml) dissolved in ethanol 0.1%. Cells pre-incubated with ethanol
alone served as controls. We investigate ﬁrst the presence of stigmasterol
in chondrocyte, compared to other phytosterols. We investigated then the
role of stigmasterol on different genes expression involved in inﬂammation
(Il-6) and cartilage degradation (MMP-3,-13, ADAMTS -4, -5, type II colla-
gen, aggrecan) by quantitative RT-PCR (Light Cycler®, Roche) and on the
production of MMP-3 and PGE2 by speciﬁc immuno-enzymatic assays.
We then looked at the role of stigmasterol on NF-kappaB activation by
western blot, using an anti-IkappaBalpha antibody.
Results: At 18 h, Il-1beta treatment induced MMP-3 (×25), MMP-13 (×6),
ADAMTS-4 (×2.5), ADAMTS-5 (×2) mRNA expression as well as MMP-3
(×14) and PGE2 (151%) synthesis and reduced type II collagen (86%)
and aggrecan (73%) mRNA expression by chondrocytes. Stigmasterol
pre-incubation signiﬁcantly decrease this 18 h Il-1beta-stimulated MMP-3
(by 82%), MMP-13 (by 85%) and ADAMTS-4 (by 41%) gene expression
and MMP-3 production (by 33%) in chondrocytes, but no effect was
observed on Il-6, ADAMTS-5, type II collagen and aggrecan gene expres-
sion Il-1beta-stimulated. Moreover, stigmasterol pre-incubation decreased
by 50% the Il-1beta-stimulated PGE2 production by OA chondrocytes.
Finally, stigmasterol was capable to counteract the Il-1beta-induced NF-
kappa B pathway.
Conclusions: This in-vitro study shows that stigmasterol inhibits some
pro-inﬂammatory and pro-degradative mediators involved in the OA-
induced cartilage degradation process, in part through the inhibition of
the NF-kappa B pathway. These promising results should lead now to
ex-vivo and in vivo investigations.
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Purpose: Interleukin-4 (Il-4) has been long suggested to protect the
articular cartilage. For instance, Il-4 inhibits catabolism of cartilage matrix
via regulating activities of matrix metalloproteinases. Yet, it remained long
unclear whether Il-4 directly acts on the chondrocytes. However, accumu-
lating molecular biological studies suggest that Il-4 is intimately involved in
the molecular events that regulate the function of chondrocyets. In turn,
mechanical stress has long been known to inﬂuence the chondrocyte
function. The aim of this study was to investigate whether Il-4 plays any
role in regulating the molecular function of chondrocyte in response to
the mechanical stress. The present study used the 3-dimentionally (3-D)
embedded chondrocytes to examine the effect of mechanical stress or
Il-4 on the expression of type II collagen (Col.2) and aggrecan (AGC)
mRNA.
Methods: Chondrocytes were freshly isolated from rat articular cartilage.
On reaching conﬂuence, the cells were 3-D embedded in type I collagen
scaffold. The cell-seeded scaffold was cultured either under mechanical
stress (MS group) or with Il-4 (Il-4 group). The mechanical stress was a
cyclic compression at 5% compression, 0.33Hz for 1hours, and the Il-4
concentrations were 10 ng/ml. The 3-D embedded chondrocytes without
mechanical stress nor Il-4 served as negative control (NS group). Real-
time PCR was performed for Col.2, AGC, and GAPDH, as an internal
control at 1, 6, 12, and 24 hours after the application of mechanical
stress or Il-4. Statistical signiﬁcance was evaluated by modiﬁed one-
factor analysis of variance (ANOVA). P values <0.05 were considered
signiﬁcant.
Results: Expression of AGC and Col.2 was signiﬁcantly upregulated in
the MS group as well as in the Il-4 group when compared with that of
the NS group. Intriguingly, expression of Il-4 gene was also upregulated
when chondrocytes were mechanically stressed. The mechanical stress-
induced upregulation of the matrix synthesis was attenuated when Il-4
inhibitor was applied.
Conclusions: The present results show that Il-4 and MS inﬂuence the
matrix synthesis of the 3-D embedded chondrocytes. Since Il-4 expres-
sion is also up-regulated by mechanical stress, Il-4 is likely to be involved
in the molecular events. In turn, the inhibition of the mechanical stress-
related enhancement of matrix synthesis by the Il-4 inhibitor strongly
supports our hypothesis that the mechanical stress regulates the matrix
synthesis via autocrine loop of Il-4.
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Purpose: Articular cartilage is characterized by a highly specialized
structure and composition, which reﬂect its unique functions within the
synovial joint. But these morphological and biochemical peculiarities are
achieved at a high cost, in that traumatized or diseased tissue possesses
a very limited capacity to repair spontaneously. To overcome this intrinsic
biological problem, many investigators are now attempting to engineer
articular cartilage using cell populations of diverse origin and sundry
growth factors. But ultimate success in these endeavours will depend
upon a thorough knowledge of the biology of articular cartilage tissue.
We postulate that the biochemical and biomechanical characteristics of
articular cartilage are joint speciﬁc. If this tenet is borne out, then the
ﬁnding could have an important impact on the approach to articular
cartilage repair. To verify our hypothesis, we investigated the gene-
expression proﬁles of articular cartilage tissue that was derived from three
different joints of skeletally immature and mature bovine cows.
Methods: Articular cartilage was harvested from the metacarpal (basal
region), shoulder (humeral head) and knee (tibial plateau) joints of 3- to
4-month-old bovine calves (n = 5) and 15- to 20-month-old bovine cows
(n = 5) within 24 hours of slaughtering. The tissue was ﬁrst pulverized
in a freezer-mill and the RNA was then isolated. The RNA derived from
each sample was reversed transcribed and then subjected to a real-time
PCR analysis. The primers and the probes for collagen types I, II, IX,
X and XI, aggrecan, COMP, Sox9 and 18S rRNA were generated as
previously described (Shintani et al., Arthritis Rheum 56:1869, 2007). The
gene-expression levels were calculated relative to those in an arbitrary
calibrator.
Results: In immature articular cartilage, the patterns of expression of
the marker genes were comparable in each of the three joints. The sole
exception was that for type I collagen, which was expressed at a higher
level in the metacarpal than in the shoulder joint; there was no signiﬁcant
difference between the levels in the metacarpal and knee joints. During
the process of maturation, the gene-activity proﬁles for articular cartilage
changed dramatically in each of the three joint types. Generally, those
for collagen types IX and XI decreased with age. However, joint-speciﬁc
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differences were also apparent. In mature articular cartilage, the gene-
expression level of Sox 9 was lower in the metacarpal than in either
the shoulder or the knee joint; that of type X collagen was lower in the
metacarpal than in the shoulder joint, but higher in the metacarpal than
in the knee joint; that of type IX collagen was lower in the metacarpal
and the knee joints than in that of the shoulder.
Conclusions: In the immature articular cartilage of the three synovial
joint types, the activity proﬁles of the key genes were almost identical,
with but one exception (type I collagen). Hence, during the early phase
of growth, a common type of cartilage is formed in the different joints.
During its maturation, articular cartilage undergoes a process of com-
plete structural reorganization (Hunziker et al., Osteoarthritis Cartilage
15:403, 2007). The gene-activity proﬁles also change, and in a joint-
speciﬁc manner. This ﬁnger-printing may reﬂect the differing mechanical
needs of the three joint types. The terminal structure of mature articular
cartilage is achieved via the activity of committed chondrocytes within the
superﬁcial zone, whereas immature articular cartilage is formed from a
“less” committed pool of chondroprogenitor cells.
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Purpose: Articular chondrocytes play a crucial role in the production
and maintenance of extracellular matrix, which is inﬂuenced by mechan-
ical and osmotic environment. Previous studies have demonstrated the
presence of the stretch-activated cation channels, mechanosensitive K+
channels and volume-sensitive Cl− channels (ICl,vol) in chondrocytes,
suggesting that these mechanosensitive ion channels contribute to the
cell volume regulation. The present study was designed to elucidate the
role of ICl,vol in the process of regulatory volume decrease (RVD) in rabbit
articular chondrocytes.
Methods: Rabbit cartilages were collected from bilateral knee, hip and
glenohumeral joints of male animals weighing 2.0 to 3.0 kg. The car-
tilage was dissected into slices and cultured in DMEM for 1−3 days.
On the day of experiments, chondrocytes were isolated by enzymatic
digestion and transferred onto a recording chamber mounted on an
inverted microscope. Current recording from single chondrocytes was
performed using the whole-cell conﬁguration of patch-clamp technique.
ICl,vol was evoked by replacing the isosmotic (300mOsm) external solution
with the hyposmotic (210mOsm) solutions under conditions where Na+,
K+ and Ca2+ currents were minimized. To monitor the changes in the
cell volume, light microscopic images were captured with a CCD digital
camera equipped with DS-L2 control unit at 2560×1592 resolution every
1min, and the cross-sectional area of the cell image was measured using
Image-J public domain software.
Results: Exposure of chondrocytes to the hyposmotic solution resulted
in a cell swelling, which was accompanied by the activation of an outward
rectifying current. The current was reversed at the membrane potential
close to the equilibrium potential of Cl− and was almost completely
abolished by the bath application of the conventional Cl− channel blocker
NPPB (5-nitro-2-(3-phenylpropylamino) benzoic acid) at the concentration
of 100mM (99.4±1.3% inhibition measured at +40mV, n = 4), suggesting
that ICl,vol is functionally expressed in rabbit articular chondrocytes. To
investigate the role of ICl,vol in the cell volume regulation, volume changes
of (intact) chondrocytes during the hyposmotic challenge were evaluated
by measuring the cross-sectional area of the cell images. When chondro-
cytes were maintained in the isosmotic condition, their cell volumes were
relatively constant. On the other hand, after the introduction of the hyposo-
motic solution, the cell volume was immediately increased and reached a
maximum within a few minutes (122±5.1% increase in the cross-sectional
area, n = 17), followed by a gradual decrease in the cell volume even in
the hyposmotic solution, namely RVD (46.7±7.8% recovery during a 30-
min hyposmotic challenge, n = 17). In the presence of NPPB (100 mM),
RVD was signiﬁcantly attenuated (12.5±5.7% recovery, n = 19, p <0.05),
although the maximum increase in the cell volume after exposure to the
hyposmotic solution was not signiﬁcantly affected (125±4.8% increase,
p =0.07).
Conclusions: The present study suggests that cell swelling-induced
elicitation of ICl,vol is an essential mechanism underlying RVD in rabbit
articular chondrocytes.
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Purpose: Osteoarthritis (OA) is characterized, by cartilage degradation.
The destructive OA process is due, at least in part, to the induction
of matrix metalloproteinases (MMP) expression, especially MMP-13 and
MMP-3, which are able to directly degrade the components of the car-
tilage matrix. Although Il-1b is considered as the main catabolic factor
involved in MMP-3 and -13 expressions, the role of prostaglandin E2
remains controversial. Prostaglandin E synthase (PGES) is the ﬁnal en-
zymatic step of the arachidonic cascade leading to PGE2 synthesis. The
microsomal PGES-1 (mPGES-1) is considered as an inducible enzyme
whereas cytosolic PGES is not. In OA, the link between PGE2 and MMP
synthesis is unclear.
The goal of this study was to determine and elucidate the role of PGE2 on
MMP synthesis in articular chondrocytes using mice lacking mPGES-1.
Methods: Experiments were performed from mice of the DBA/1lac J
strain with a deletion of the Ptges gene which encodes mPGES-1 (Pﬁzer,
Groton, USA). From primary cultures of murine articular chondrocytes
(mPGES−/−, +/− and +/+ mice), mRNA and protein expressions were
assessed by real-time RT-PCR and immunoblotting respectively. Prosta-
glandin E2 (PGE2) was measured by EIA.
Results: Il-1 b-induced PGE2 synthesis was signiﬁcantly reduced in
chondrocytes from mPGES-1−/− (n = 3) and mPGES-1+/− (n = 6) com-
pared to mPGES-1+/+ (n = 6) (24 h Il-1b, 10 ng/ml, 96%-inhibition for
KO mice and 64% inhibition for heterozygotes mice compared to wild-
tpe mice; mPGES-1 +/+ Il-1 b stimulated chondrocytes PGE2 release
+/− 3500 pg/ml, p <0.01). 10 ng/ml Il-1b increased MMP-3 mRNA (a 43-
fold induction peaking at 8 hours, n = 3) and protein expression and
release (peak at 18 hours and sustained up to 24 hours, n = 2). Moreover,
10 ng/ml Il-1b triggered MMP-13 mRNA (a 49-fold induction peaking at
6 hours, n = 4, p< 0.05) and protein expression and release (started at
4 hours and increased up to 24 hours, n = 2). Il-1b-induced MMP-3 and
MMP-13 mRNA expressions decreased up to 24 h in mPGES-1−/− (n = 3)
and +/− (n = 3) chondrocytes compared to mPGES-1 +/+ chondrocytes
(n = 3) (at 24 h, for MMP-3, respectively a 75% – p< 0.05 – and a 80% –
p< 0.01 – inhibition; for MMP-13, respectively a 58% – p< 0.05 – and
a 65% decrease, p< 0.05). Il-1b-induced MMP-13 and MMP-3 protein
release decreased in mPGES-1 +/− (n = 3) and −/− (n = 2) chondrocytes
compared to mPGES-1 +/+ (n = 3) chondrocytes since 8 hours up to
24 hours.
Conclusions: Taken together, these ﬁndings clearly demonstrate for the
ﬁrst time that PGE2 plays a crucial role in the induction of MMP-3 and
MMP-13 in an inﬂammatory context. Therefore, these results show that
mPGES-1 could be considered as a critical target to counteract cartilage
degradation in OA.
Figure 1. Inhibition of IL-1b-induced MMP-3 and MMP-3 mRNA expres-
sion in articular chondrocytes from mice lacking microsomal prostaglandin
E synthase-1 (mPGES-1). Articular chondrocytes from mPGES-1 wild-
type (+/+). Heterozygote (+/−) and knockout (−/−) mice were incubated
during 24 h with 10 ng/ml IL-1b. RNA were extracted and assayed for
MMP-3 and MMP-13. The levels of MMP-3 and MMP-13 mRNA were
assayed by real-time RT-PCR. Values are the means and SD of 3 inde-
pendent experiments with n = 3/group/experiment, analyzed in duplicate.
